Background. Numerous studies have found increased risk of Clostridium difficile infection (CDI) with increasing age. We hypothesized that increased CDI risk in an elderly population is due to poorer overall health status with older age.
Clostridium difficile is the most common pathogen causing health care-acquired infections and the leading cause of death associated with gastroenteritis in the United States [1, 2] . The incidence of C. difficile infection (CDI) during an acute care hospital stay increased about 2.7-fold between 2000 and 2012, based on the Healthcare Cost and Utilization Project Nationwide Inpatient Sample [3] . CDI was associated with more than 29 000 deaths in 2011, with an attributable mortality ranging from 5.7% in endemic settings to 16 .7% in severe outbreaks since 2000 [4] .
Age is considered one of the primary risk factors for CDI in general [5] [6] [7] [8] and for severe CDI [9] [10] [11] [12] . In the most recent report from the US Emerging Infections Program (EIP), 57% of the estimated CDI cases in 2011 were in the elderly [4] . The incidence of CDI rose dramatically with age, from 47/100 000 in younger adults aged 18-44 years to 148.5 in persons aged 45-64 years, and up to 628/100 000 in persons aged 65 years and older [4] . In the EIP study, there was a more than 13-fold increase in CDI incidence in the elderly compared with younger adults (18-44 years) . Despite this, few studies have sought to elucidate the underlying biological reason(s) for the increased incidence of CDI among elderly persons.
One feature that deserves closer analysis is the role of overall health status, including frailty, and risk of CDI. Frailty, the expression of biologic aging, increases susceptibility to a variety of adverse events, including falls, fractures, infections, and ultimately death [13] [14] [15] [16] . Frailty also results in increased health care exposure, including emergency department (ED) encounters, hospitalization, and institutionalization [17] [18] [19] , resulting in increased opportunity for exposure to antibiotics, the most important risk factor for CDI [20] .
Although the association between overall health status and increased risk of CDI has not been examined explicitly, a review of the literature reveals hints that the relationship between age and CDI may be more complicated than previously thought. Severity of illness has long been known to be associated with CDI [5, 21, 22] . Rao et al. found that poor functional status was an independent risk factor for severe CDI [23] . More recently, Ticinesi et al. found that multimorbidity was associated with increased risk of CDI [24] . Frailty per se has not been taken into account in prior studies in terms of progressive accumulation of deficits and their impact on CDI risk. Limitations of many prior analyses include relatively small sample sizes, which restrict the ability to control for many underlying conditions, use of summary measures (eg, Charlson index) not designed to determine CDI risk, or relatively geographically confined populations (eg, single hospitals) that may impact the distribution of underlying conditions within the population studied. A better understanding of the impact of overall health status on CDI risk is necessary to understand how best to implement CDI prevention efforts.
We used Medicare claims data to determine whether age remains an important predictor of CDI in an elderly population after taking into account overall health status, including recent acute and chronic illnesses, health care utilization, and indicators of frailty.
METHODS
We used 2010-2012 Medicare claims data from the Centers for Medicare and Medicaid Services Chronic Conditions Data Warehouse (CCW) for all analyses. All patients aged 66 years and older with the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) diagnosis code for CDI (008.45) in 2011 in the Inpatient, Outpatient, or Carrier claims files were identified as CDI case patients (100% data). The uninfected comparison group consisted of individuals in the 2011 CCW 5% random sample, excluding those coded for CDI. Individuals were excluded from both groups if they were enrolled at any time during 2010-2011 in a health maintenance organization, lacked complete Part A and Part B coverage, or if they were coded for CDI in the last quarter of 2010 (to identify incident CDI in 2011). Also excluded were 135 329 individuals with no health claims in 2010 and 2011, as there was no evidence for use of health care benefits. The Washington University Human Research Protection Office gave approval to conduct this research with a waiver of informed consent.
Date of Onset and Attribution of CDI
The date of onset of CDI was defined as the first date corresponding to a coded diagnosis of CDI, unless additional information was available to define an earlier date of onset, as previously described [25, 26] . The location of onset and attribution for each CDI episode was determined using an algorithm based on the recommended CDI surveillance definitions [25] [26] [27] .
For persons without CDI in 2011, an analogous date of onset (termed "index date") was created to anchor the prior time period to identify comorbidities. After determining the onset date for all persons with CDI in 2011, the distribution function of these dates was determined. This distribution was used to randomly select index dates in the comparison uninfected population to mirror the distribution of onset dates in the CDI population, with the only restriction being that the index date occurred before the death date for uninfected persons who died in 2011.
Conditions Potentially Associated With CDI in the Prior Year
Conditions potentially associated CDI were identified in the year before the index date and grouped into 6 categories to explore their contribution in a model to predict CDI risk. The categories included age in 2-year increments, comorbidities, acute infections, acute noninfectious conditions, health care utilization, and frailty indicators. Comorbidities were defined according to the Elixhauser classification, with modification of the algorithm for complete claims data according to Klabunde et al. [28, 29] . Diagnosis codes on laboratory claims were not used to identify comorbidities or acute infectious or noninfectious conditions, as they may indicate suspected, but not confirmed, conditions. Acute infections were identified using ICD-9-CM diagnosis codes and categorized into infection groups, as described previously [25] . Noninfectious acute conditions were also identified using ICD-9-CM diagnosis codes, including myocardial infarction, gastrointestinal hemorrhage, fractures, and others (Appendix). Only a single outpatient claim coded for an acute infectious or noninfectious condition was required, as acute conditions may not be coded repeatedly over a prolonged period of time. All dates coded for acute infections were used to determine the timing of infection compared with the CDI onset or index date for uninfected persons.
Health care utilization in the year before CDI included surgical procedures, defined by Uniform Billing (UB-04) revenue codes for operating room expenses in inpatient and outpatient files, hospitalization, ED encounters, skilled nursing facility stays, and long-term facility (ie, nursing home) residence. Hospitalizations were categorized as emergency hospitalizations if they originated in the ED (defined by UB-04 revenue codes 0450-0459) or nonemergency hospitalizations. Treatand-release ED visits were defined by revenue codes 0450-0459 from outpatient facilities. Skilled nursing facility stays were identified using the Skilled Nursing Facility file. Residence in a long-term care facility was identified using method 2 in Goodwin et al., based on the work of Intrator et al. [30, 31] .
Indicators suggestive of frailty were identified in the year before the onset date, including dementia, decubitus ulcer, urinary incontinence, senility/frailty, failure to thrive, sleep disturbances, and difficulty walking. In contrast to the criteria for standard comorbidities, only a single inpatient or outpatient claim coded for the frailty indicators was required, as they do not generally require diagnostic testing to establish the diagnosis. The only exception was for Parkinson's disease, which was identified using the same criteria as the comorbidities.
Analysis
The association of age with risk of CDI in univariate analysis was determined by chi-square and Mann-Whitney U tests.
Multivariable logistic regression was used to characterize the independent association of age with risk of CDI, controlling for all comorbidities, acute and chronic noninfectious conditions, health care utilization in the prior year, and acute infections. The variance inflation factor (VIF) was used to identify important collinearity in the full model. No variable had a VIF greater than 2.4 in the full model, suggesting no important collinearity. To determine the impact of inclusion of the 6 categories of potential risk factors on CDI prediction, the individual categories were excluded sequentially, and the impact on model performance was determined by assessing the discrimination of the model using the area under the receiver operating curve (c-statistic), change in the Bayesian Information Criterion (BIC), and the deviance statistic comparing nested models. BIC is a measure used to select the "best" model from a nested set, based on the log likelihood of the models. BIC includes a penalty for increased number of terms in the model and takes into account the sample size in calculating the penalty. Because of this, BIC is more conservative and will select smaller models than the commonly used Akaike Information Criterion [32] . The deviance statistic was used to compare the goodness of fit of nested models rather than the standard Hosmer-Lemeshow test, because with large sample sizes, small deviations can result in rejection of the null hypothesis that the model fits the data [33] . SAS Enterprise Guide, version 7.1 (SAS, Cary, NC), was used for all data management and analysis.
RESULTS
A total of 174 903 persons aged 66 years and older with complete fee-for-service Medicare coverage were identified with at least 1 episode of CDI in 2011 in the Medicare claims files. For all persons, the first episode of CDI in 2011 was selected for further analyses. The first CDI episode was categorized as hospital-onset in 49 755 persons (28.4%), other health care facility-onset in 43 433 (24.8%), community-onset community-associated in 46 738 (26.7%), community-onset health care facility-associated in 21 952 (12.6%), and indeterminate association in 13 025 persons (7.4%). The comparison population consisted of 1 318 538 uninfected persons in the 5% random sample data.
The association of age, sex, and acute and chronic medical and frailty conditions with CDI in univariate and multivariable analysis is shown in Table 1 , and the odds ratios for increasing age are displayed in Figure 1 . Age was categorized in 2-year increments to show the relationship between risk of CDI and increasing age. In univariate analysis, the risk of CDI increased linearly with increasing age until approximately age 88 years, at which point the risk leveled off. The odds of CDI dropped slightly in the oldest age group (96 years and older), possibly in part due to lower rates of testing for C. difficile in the very old.
In multivariable analysis, the risk factors in the year prior that were associated with >2-fold increased risk of CDI were septicemia (OR, 4.1), emergency hospitalization(s) (OR, 3.9), short-term skilled nursing facility stay(s) (OR, 2.7), diverticulitis (OR, 2.2), and pneumonia (OR, 2.1). Factors associated with moderately increased risk of CDI in the year prior (odds ratios of 1.5-2.0) included 1 ED visit, gastrointestinal hemorrhage, decubitus ulcer, elective hospitalization(s), lymphoma, long-term care facility residence, inpatient surgery, and surgical site infection. Additional factors associated with approximately 40% increased risk of CDI included white race, diverticulosis, liver disease, skin and soft tissue infection, and oral infection.
After adjustment for the large variety of infections at any time in the year before CDI, other chronic and acute conditions, frailty indicators, and health care utilization in the year before CDI, the risk of CDI associated with increasing age decreased dramatically (Table 1, Figure 1 ). Although the odds of CDI remained significantly elevated compared with the youngest persons (aged 66-67 years), the odds ratios fluctuated slightly from 1.052 to a high of 1.174 in the 86-87-year-old group. The risk of CDI with increasing age remained only slightly elevated when acute infections were restricted to those coded more than 30 days before CDI (Table 1) .
To test whether inclusion of age, comorbidities, and other conditions affected model performance, discrimination, fit, and BIC were assessed in the full model (including all variables in Table 1 ), compared with models with individual variable groups removed. As shown in Table 2 , removal of age from the full model had no impact on the c-statistic and resulted in a slight decrease in the BIC, and the deviance statistic remained nonsignificant, indicating that the model performance improved with removal of age. Removal of comorbidities, acute noninfectious conditions, and frailty indicators had little impact on the c-statistic but resulted in small increases in the BIC and significant deviance statistics, indicating that these models did not fit the data as well as the full model. The biggest decrease in the c-statistic occurred after removal of infections (from 0.918 to 0.911) and health care utilization (0.918 to 0.897), along with the largest increases in the BIC, indicating that these models performed more poorly than the full model. The impact on the BIC and c-statistic of removal of only the septicemia variable was about half that of removal of the entire infection category from the full model (Table 2) , consistent with the very elevated risk of CDI associated with septicemia.
DISCUSSION
We found that exclusion of age in a multivariable model to predict risk of CDI had no demonstrable impact on model performance after controlling for acute infections, health care utilization, acute noninfectious conditions, and indicators of frailty in the year before CDI. These results suggest that overall health status, including infections, health care utilization, acute conditions in the past year, and frailty indicators are the most important determinants of CDI risk in an elderly population. In the multivariable model, the lack of a dose-response in risk of CDI with increasing age is likely due to the large number of risk factors we were able to control for in the very large Medicare population, including acute conditions common in the elderly, and indicators of frailty. This lack of an age dose-response is consistent with the hypothesis that, after adequately accounting for overall health status, age per se is no longer an important predictor of CDI. This is particularly relevant as individuals "age" at different times in their lives, and thus a younger person with serious medical conditions may have much higher risk of CDI than a healthy older person. Acute infections were associated with increased risk of CDI, particularly septicemia (4-fold increased odds) and pneumonia (2-fold increased odds). Other serious infections, including surgical site, skin and soft tissue, and oral infections, were associated with moderately increased odds of CDI, consistent with need for antibiotic therapy of these infections. Interestingly, even past viral infections were associated with a small increased risk of CDI, reflecting possible inappropriate use of antibiotics in these patients.
Not surprisingly, health care utilization in the past year was independently associated with increased risk of CDI and improved the fit of the model. Emergency hospitalization was associated with almost 4-fold increased risk of CDI, followed by 2.7-fold increased risk associated with skilled nursing facility stay(s). Our finding of increased risk of CDI with hospitalization [34] and with the number of hospitalizations in the past 90 days [35] . Stays in a skilled nursing facility occur following discharge from a hospitalization and require documentation of the need for continuation of nursing care to be reimbursed by Medicare. Thus the increased CDI risk associated with skilled nursing facility stay(s) is consistent with overall health status as the primary driver of CDI risk. In contrast, residence in a long-term care facility was associated with only 1.5-fold increased risk of CDI, after adjustment for other variables in the model. This suggests that while nursing home residence is a risk factor for CDI, it is not as important as acute infectious and noninfectious events and health care utilization associated with those acute events, particularly emergency hospitalization. This finding is consistent with recent surveillance studies in which more than half of the incident cases of CDI with onset in a nursing home occurred within 30 days following hospital discharge [36, 37] .
Zarowitz et al. similarly reported that up to 67% of CDI in nursing home residents was attributable to a recent hospitalization, using the Minimum Data Set survey of skilled nursing residents [38] . Using the 2009 Medicare 5% random sample, we previously found the incidence of CDI among nursing home residents to be 10 093/100 000 person-years if they had a prior emergency hospitalization, and only 1505/100 000 person-years if the person did not have any hospitalizations in the previous year [25] . In addition to acute infections and health care encounters, several acute noninfectious conditions were also associated with increased risk of CDI. These conditions, including diverticulosis, gastrointestinal hemorrhage, and myocardial infarction, were likely a primary contributor to the patients' underlying severity of illness. In contrast, indicators of frailty, including decubitus ulcers and urinary incontinence, were likely markers for advanced underlying illness. Exclusion of acute noninfectious conditions reduced the c-statistic and resulted in an imperfectly fitting model according to the deviance statistic. In the comparison of models with individual categories removed, the biggest impact on model fit was associated with removal of the health care utilization category, followed by infections. The big impact of removal of infections, including septicemia, on model performance was not surprising, as many of the individual infections were associated with high risk of CDI, likely due to antibiotic treatment of the preceding infections with resulting colonic dysbiosis. The bigger impact of removal of the health care utilization category was also not surprising, as serious infections would result in hospitalization, and more than half of hospitalized patients are treated with at least 1 dose of antibiotics, even in the absence of documented infection [39] .
Limitations of this study include identification of CDI by ICD-9-CM diagnosis codes, which are not perfectly accurate [40] , and the lack of data on antibiotic utilization for all patients, particularly during hospital stays. The use of Medicare claims data restricted analyses to the elderly; whether younger persons with poorer overall health status are at the same risk as much older persons remains to be determined in a future study. In addition, repeating this study using Medicare data from a more recent year with higher utilization of nucleic acid amplification testing would be beneficial, to determine whether the relationship with age remains minimal in the setting of increased sensitivity to identify not just CDI but C. difficile colonization.
Strengths of our study include the very large sample size, generalizability to the fee-for-service US elderly population, and identification of CDI across many institutions and providers. The very large sample size allowed us to control for a very large number of potential risk factors in the multivariable model and separate out the independent effect of increasing age on risk of CDI.
Advancing age is frequently cited as one of the primary risk factors for CDI. This study demonstrates that overall health status, including recent acute infections and even acute noninfectious conditions, is more important than age with respect to CDI risk. Clearly, an 80-year-old with hypertension who has never been hospitalized will be at lower risk for CDI than a 66-year-old person emergently hospitalized for management of congestive heart failure. Markers of poorer overall health status include frailty indicators, recent acute infections, and emergency hospitalizations. These conditions are not difficult to identify and can be used to target CDI prevention activities to patients most likely to benefit.
